or to exposure, usually multiple, to the anaesthetic agent halothane (fluothane) (Peters, et al., 1969; Klion, Schaffner & Popper, 1969) . Suicidal attempts using paracetamol are increasing as a cause of acute hepatocellular failure. It may also follow surgical shock with or without Gram-negative septicaemia and fatty liver of the last trimester of pregnancy. (Table 1) .
Prognosis is poor, the condition being fatal in 90 % of cases if deep coma ensues.
Danger signals in viral hepatitis
One of the earliest signs is change in the per- Enzymes involved in this cycle are found in the mitochondria (Fig. 1) . These enzymes are responsible for the metabolism of ammonia, which is produced in the gut and to a much lesser extent by the kidney and stomach, to urea. In liver cell failure therefore one would expect an accumulation of ammonia in the blood and a reduction in the blood urea concentration. This is indeed so for blood ammonium levels are raised in fulminant hepatitis (Phear, Sherlock & Summerskil, 1955) and in a series of fulminant hepatitis patients seen at the Royal Free Hospital, seven of twenty-nine had a blood urea level of less than 15 mg/100 ml. In the later stages, blood urea rises due to failure of renal excretion and to absorption of digested blood from the gut. The connection between blood ammonium and hepatic coma has been much discussed (Gabuzda, 1967) . In general, the connection is more tenuous in acute hepatocellular failure than in the chronic encephalopathy following portacaval shunting. Nevertheless, efforts must be made to reduce it for the blood ammonia also reflects the level of other nitrogenous and also possibly toxic products of bacterial metabolic action in the intestines. The patient is therefore given no protein by mouth and the colon is emptied by a high enema and by a magnesium sulphate purge. The enema should be of neutral or slightly acid pH as alkaline solutions favour the absorption of ammonia from the colon. Lactulose, a dissacharid not altered by intestinal lactase should be given in a dose of 40 ml twice daily by mouth. The lactulose is split by colonic bacteria to organic acids so making the contents of the colon more acid and preventing ammonia absorption. Neomycin is given in a dose of 1 g daily by mouth four times a day.
Hypoglycaemia
Glycogen granules are stored in the hyaloplasm (Fig. 2) . Glycogenolysis is effected by an enzyme on the rough reticulum, glucose-6-phosphatase (Fig. 3 ). Hypoglycaemia is rare in most forms of human liver disease, but may complicate fulminant virus hepatitis, especially in children. In one large series, two of twenty-nine patients with acute hepatocellular failure had blood glucose levels less than 40 mg/100 ml (Jones et al., 1967) . Hypoglycaemia may sometimes be very persistent and intractable (Samson, et al., 1967 
Albumin synthesis
This is a function of the ribosomes of the rough endoplasmic reticulum (Fig. 3 ). Reduced synthesis of albumin has been shown in patients with liver disease (Tavill, Craigie & Rosenoer, 1968) . After recovery from hepatocellular failure, intravenous salt-poor albumin is often useful for replenishing the reduced pool of albumin. The dose required is of the order of 25 g daily until the serum albumin concentration is normal. Blood coagulation (Table 2) Failure of the blood to clot is particularly important in patients with fulminant hepatitis and bleeding is a frequent cause of death. It is shown by bruising in tissues, bleeding from mucous membranes, from the gastro-intestinal tract and into the brain. The patient in acute hepato-cellular failure often dies bleeding from everywhere and in spite of all therapeutic efforts. The causes of this failure of blood clotting are multiple and complex. The liver synthesises most of the factors concerned in blood coagulation. They have a short half-life and rapidly become deficient when liver cell function fails. This is reflected in the one-stage prothrombin time being reduced usually to 30% or less. The extent of the reduction is an excellent prognostic guide (Cook & Sherlock, 1965) . Factors VII and X, and prothrombin require Vitamin K for their synthesis. They therefore depend on adequate amounts of bile salts being present in the intestine. Although this is a minor factor in the clotting problems of hepatocellular disease, it is worth giving 10 mg of Vitamin K1 intramuscularly to all patients with nonhaemolytic jaundice whether it be predominantly cholestatic or predominantly hepatocellular.
The liver cell manufactures prothrombin, factors V, VII, IX and X and fibrinogen. Deficiencies of prothrombin, factors VII, IX, and X can be corrected by transfusion of stored bank blood. Fresh blood also supplies factor V. Fresh frozen plasma can also be used but is difficult to prepare, large quantities are required and administration has to be repeated (Spector et al., 1966) . Platelet deficiency is of multiple causation. An enlarged spleen may sequester platelets, stored blood is very poor in platelets, any method of hepatic support may withdraw platelets from the circulation. Perfusion through the isolated pig's liver for instance, leads to loss of platelets in the sinusoids of the donor liver. Finally, attempts at intravascular clotting in response to capillary bleeding leads to consumption of platelets and other clotting factors such as fibrin are consumed at the same time (consumption coagulopathy). This problem is treated by using fresh blood (which contains platelets) for transfusion and by platelet-rich transfusions. Fibrinolysis is in fact usually of minor importance although a shortened half-life of 131I-fibrin has been shown in patients with fulminant hepatitis (Rake et al., 1970) . Intravascular clotting and consumption of fibrin is shown by the finding of proteolytic degradation products in the peripheral blood (fibrin-split products) and these should be searched for in the presence of a profound haemorrhagic diathesis. These products interfere with platelet aggregation (Thomas, Ream & Stuart, 1967) and also interfere with normal fibrinogen polymerization. If they are found the cautious use of heparin (10,000 units intravenously given continuously over 4 hr) must be considered. Its use must be monitored by thrombin consumption tests and by tests for fibrin-split products.
Finally the transfusion of large quantities of stored blood or plasma raises the possibility of citrate intoxication. This would be expected to be more common in those with hepatic disease for the liver metabolises citrates. High concentrations of serum citrate have been observed during multiple transfusions in patients with liver disease and these may depress the serum ionic calcium. Intravenous calcium gluconate supplements should be given (10 ml slowly for each litre of concentrated blood transfused). In general, however, the risk is small provided the blood is not infused at a rate greater than 1 pint in 10 min.
The place of corticosteroid therapy
At the present time, whether corticosteroids are given in the treatment of fulminant hepatitis or not, is a matter of individual preference. In one series, large doses of prednisolone (100 mg a day) were given and nine of twenty-three patients survived (Katz et al., 1962 (1970) found Australia antigen-antibody complexes by electron microscopy in the peripheral blood. They postulated that a possible mechanism for the liver cell-membrane injury in fulminant hepatitis might be the presence of injurious antigenantibody complexes. This observation has not been confirmed. If this concept is important, then there might be a place for corticosteroid therapy in the early stages of the disease.
It is also probable that corticosteroids have a beneficial effect on hepatocellular function. They certainly improve the hepatic storage of bromsulphthalein (Cook, Velasco & Sherlock, 1968) and bilirubin metabolism in the liver cell may be similarly affected. Prednisolone therapy also improves the absolute synthetic rate for albumin in patients with hepatocellular disease (Cain, Mayer & Jones, 1970) .
Circulatory and renal failure
Many factors contribute to the renal failure of fulminant virus hepatitis. Jaundice, hypokalaemia, infection and haemorrhage predispose to acute tubular necrosis. More often, organic damage to the nephron is not seen histologically, but the disturbance can probably be related to alterations in renal circulation (Schroeder et al., 1967; Brunt et al., 1970) . Renal failure does not usually achieve clinical significance, the blood urea level being about 150-250 mg/100 ml. Rarely the serum potassium value reaches dangerously high levels and must be reduced, if not by sorbitol, insulin and glucose or ion exchange resins, then by peritoneal or haemodialysis. Persistent hyponatraemia is ominous. It reflects impending cell death. It should not be treated with hypertonic sodium chloride unless there is clear evidence that a profound loss of sodium has occurred from the body.
The patient with fulminant hepatitis should be nursed in an intensive care unit with a special attendant. Fluid overload must be guarded against.
Control of infection
Respiratory complications may ensue and a parenteral antibiotic such as a large dose of benzylpenicillin or ampicillin may be needed. Tetracyclines are hepatotoxic and should not be given. Gramnegative septicaemias which may be related to long intravenous catheterization must always be anticipated and blood cultures taken. They may be treated with hydrocortisone and cephaloridine.
Temporary hepatic support
The various ways by which the failing functions of the liver cell can be bolstered have been outlined. There are other methods by which the liver cell can be supported as a whole, even though they may be of only temporary benefit. This form of therapy can only be applied to potentially reversible forms of hepatocellular disease. The therapeutic procedures involved are time-consuming and none has become established. They require specialized and highly trained staff.
Exchange blood transfusion
Whole blood (preferably fresh) is exchanged. Clinical improvement could result from the removal of toxic substances from the blood or the addition of deficient factors into the circulation. Trey, Bums & Saunders, (1966) in Cape Town reported recovery of consciousness after exchange transfusions in seven patients in hepatic coma due to acute hepatitis; two died later. Five of the patients were children and none had oliguria. Berger and co-workers (1966) reported a dramatic recovery after exchange transfusion of one adult, a physician, in hepatic coma due to acute hepatitis. The Fulminant Hepatic Failure Surveillance Study from Boston, Massachusetts reported results of treatment of 284 patients in stage 4 hepatic coma from ninety-eight centres. One hundred and one did not have any exchange transfusion and the survival was 9 9 %. One hundred and sixty-six had an exchange transfusion and the survival was 24-1 %. (Trey et al., 1968) . Despite these results, other reports have been rather disappointing. Benhamou, Rueff & Sicot (1968) (Berger et al., 1966 
Plasma-exchange
The patient's blood is removed and this is followed by return of the packed red cells with fresh frozen donor plasma (Sabin & Merrett, 1968) . It has the advantage that fresh blood is not necessary and stored plasma can be used.
Direct exchange transfusion (cross-circulation)
This circumvents the problem of blood coagulation difficulties with heparinized blood for the blood from the donor is transfused directly into the recipient, the two subjects lying side by side. No anticoagulants are used. The procedure is carried even further by direct cross-circulation. In this procedure, the patient is cross-circulated, artery to vein, with a volunteer, usually a parent. (Burnell et al., 1967) . Of two patients so treated, one recovered from coma but died on the thirteenth day from gastro-intestinal haemorrhage and the other recovered completely. Orthostatic hypotension, fever, urticaria, and thrombocytopaenia may be noted in the donors. Gammaglobulin was given to the donors and none developed hepatitis. Crosscirculation may also be performed between man and baboon. (Saunders et al., 1968; Abouna et al., 1970) . Baboons are in short supply in most parts of the world and observations of its value need to be extended and controlled.
Heterologous liver perfusion using the pig's liver This employs the isolated pig liver in an extracorporeal circuit (Eiseman et al., 1965 (Norman et al., 1966) . Hitherto, this procedure has not had much success but the patients treated have often suffered from chronic rather than acute liver cell failure and ancillary support has not been given. It was therefore thought worthwhile to set up the method of pig liver perfusion at the Royal Free Hospital and to apply it along with standard medical treatment to patients with acute hepatocellular failure. Of the five patients treated (three female, two male) three suffered from fulminant viral hepatitis, one from paracetamol overdose and one from acute fatty liver of the last trimester of pregnancy. They were all in deep coma with an EEG grade of 4-6 and had not responded to standard medical treatment. They had no underlying disease. Corticosteroids and exchange blood transfusion were not given. Two have survived, one following paracetamol overdose, the other after fulminant viral hepatitis, and have made an apparently complete recovery. Three died, one from liver failure, one from a bleeding duodenal ulcer and one from acute pancreatitis. These results must be extended but the initial impression is favourable as there had only been three survivors in the last sixty-eight patients with acute fulminant hepatitis treated at the Royal Free Hospital (Parbhoo et al., 1971) .
